Background {#Sec1}
==========

Dementia, including Alzheimer's disease and vascular dementia (VaD), is a progressive neurodegenerative disease affecting more than 35 million people worldwide \[[@CR1]\]. It can shorten human life, reduce patient and caregiver quality of life, and cause substantial economic burden \[[@CR2]--[@CR4]\]. As the number of patients with dementia increases, understanding the natural course of dementia is crucial for identifying vulnerable populations and appropriate interventions.

Type 2 diabetes mellitus (DM), which is found in 13--20% of patients with dementia \[[@CR5]\], is a major disease linked with cognitive decline and dementia \[[@CR6]\]. However, the reasons for this close association remain unclear. Through poorly controlled blood sugar, DM may damage blood vessels and produce long-term complications such as cerebrovascular disease, cardiovascular disease, or hypertension, all of which further accelerate progression toward cognitive impairment \[[@CR7]\]. Following the interrelationships between DM, rare complications, and dementia may be possible by tracing large DM populations over a long period. Until then, the prevalences of DM related comorbidities in the dementia population should be determined to help identify patients at high risk, and cognitive impairment screening is required to help physicians prevent or treat DM-related complications that can lead to dementia. To begin this line of research, we conducted a population-based cross-sectional study to estimate the prevalence of type 2 DM in patients with dementia and explored factors associated with the development of DM in the study population.

Methods {#Sec2}
=======

Data source {#Sec3}
-----------

The Department of Health in Taiwan implemented the National Health Insurance (NHI) program in 1995. By the end of 1996, approximately 96% of all residents in Taiwan had enrolled \[[@CR8]\]. The coverage rate increased steadily from 96.1 to 98.6% from 2000 to 2007. All hospitals and clinics contracted with the NHI program are required to submit patient claims to receive reimbursements from the program. To verify the accuracy of claims data, the Bureau of NHI Management performs quarterly expert reviews on a random sample of inpatient claims at each hospital and clinic. Severe penalties are issued for false reports. We linked data from Taiwan's Registry for Catastrophic Illness Database and related outpatient and inpatient claims datasets from 1997 to 2008.

Study design and population {#Sec4}
---------------------------

For this population-based cross-sectional study, we included all patients in Taiwan with dementia who were newly registered to receive the catastrophic illness certification for senile dementia according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM; code 290.X) from 1997 to 2008. These designations are based on rigid diagnostic criteria evaluated by a neurologist or psychiatrist. The registry date found on the catastrophic illness certification was considered the index date for this study. All patients were defined as having comorbid diabetes if diagnostic ICD-9-CM code 250.XX appeared on at least two ambulatory care claims records or at least one inpatient care claims record within 1 year leading up to dementia diagnosis.

Assessment of associated factors {#Sec5}
--------------------------------

Several factors were considered to assess their potential associations with type 2 DM, namely demographic factors (age, sex, area of residence, urbanization level, and insurance amount), comorbidities (myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, chronic pulmonary disease, peptic ulcer disease, mild liver disease, renal disease, cancer, hypertension, and hyperlipidemia), and disease severity. Area of residence was classified into four regions of Taiwan (north central, south, and east); urbanization level was divided into urban and rural; and insurance amount was divided into dependent, \< NT\$20,000 per month, and ≥ NT\$20,000 per month. Patients were defined as "low income" when their insurance amount was dependent, "medium income" when their insurance amount was \< NT\$20,000 per month, and "high income" when their insurance amount was ≥ NT\$20,000 per month. Comorbidities were defined based on ICD-9-CM codes (Additional file [1](#MOESM1){ref-type="media"}: Table S1) listed on two or more ambulatory care claims records or one or more inpatient care claims records during the year prior to dementia diagnosis. To further evaluate the associations of various systematic diseases with diabetes, we grouped these comorbidities into four main categories based on similar manageable risk factors. These categories were (1) cardiovascular and cerebrovascular diseases (myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, chronic pulmonary disease, and hypertension), (2) digestive system diseases (peptic ulcer disease and mild liver disease), (3) renal and metabolic system diseases (renal disease and hyperlipidemia), and (4) cancer. Disease severity was defined based on Charlson comorbidity index scores, which are listed in a previous report \[[@CR9]\], calculated based on diseases.

Statistical analysis {#Sec6}
--------------------

Participant characteristics were analyzed as follows. Distributions of continuous variables were expressed as mean ± standard deviation (SD) or median (interquartile range), and those of categorical variables were expressed as numbers and percentages. The differences in the distributions of count variables between DM and non-DM were analyzed through Mann--Whitney *U* testing, and those of categorical variables were analyzed through the chi-squared (*χ*^2^) testing. Multivariable logistic regressions adjusted for all demographic factors, and comorbidities or various systematic diseases were tested to identify independent factors associated with DM. In addition, we investigated associations among various systematic disease groups, the number of each systematic disease, and DM by using multivariable logistic regression adjusted for patient characteristics. Data were represented as odds ratios (ORs) and 95% confidence intervals (CIs). To further explore the effects of income and comorbidities on the prevalence of DM, the proportion of DM and high income by number of comorbidities, and the proportions of various systematic diseases by DM and income were also investigated. To validate our main findings, we conducted sensitivity analysis after redefining the DM group as ICD-9-CM code 250.XX appearing on at least three ambulatory care claims records or at least one inpatient care claims record within 1 year leading up to dementia diagnosis. All statistical operations were performed in SAS (version 9.4, SAS Institute, Cary, NC, USA). A *p* value of \< 0.05 was considered significant.

Results {#Sec7}
=======

Patient characteristics {#Sec8}
-----------------------

In the study cohort, 22.5% patients with dementia also had diabetes. Table [1](#Tab1){ref-type="table"} provides a summary of patient characteristics. Compared with patients without diabetes, those with diabetes were significantly more likely to be female, young, and living in south and rural areas (Table [1](#Tab1){ref-type="table"}). They were also more likely to have low incomes, more comorbidities (myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, chronic pulmonary disease, peptic ulcer disease, mild liver disease, renal disease, cancer), and a greater number of severe diseases. The top three largest differences in the distributions of comorbidities between the DM and non-DM groups were cerebrovascular disease (percentage difference: 18.9), peptic ulcer disease (percentage difference: 7.1), and renal disease (percentage difference: 5.7).Table 1Patient CharacteristicsDMNon-DM*P*-valueN%N%Gender Male326135.913,83044.2\< 0.001 Female581664.117,48455.8Age (mean ± SD), yr75.7 ± 8.177.1 ± 9.4\< 0.001  \< 658439.328789.2\< 0.001 65--74308834.0816526.1 75--84414945.714,58446.5  ≥ 8599711.0568718.2Area of residence North323735.712,35739.4\< 0.001 Central219224.1731023.3 South326936.010,28732.9 East3794.213604.4Urbanization level Urban283731.210,41933.3\< 0.001 Rural624068.82,089566.7Insurance amount, NT\$/month Dependent452249.813,55443.3\< 0.001  \< 20,000301333.212,04338.4  ≥ 20,000154217.0571718.3Charlson comorbidity index Mean ± SD3.9 ± 1.91.7 ± 1.5\< 0.01 Median (Interquartile range)4.0 (2.0--5.0)1.0 (1.0--2.0)\< 0.01Selective comorbidities Myocardial infarction1761.93591.2\< 0.01 Congestive heart Failure107111.822197.1\< 0.01 Peripheral vascular disease3173.56712.1\< 0.01 Cerebrovascular disease449949.6960830.7\< 0.01 Chronic pulmonary disease196921.7559317.9\< 0.01 Peptic ulcer disease180019.8398112.7\< 0.01 Mild liver disease7908.716015.1\< 0.01 Renal disease8559.4211663.7\< 0.01 Cancer4995.512504.1\< 0.01 Hypertension653772.012,66940.5\< 0.01 Hyperlipidemia185420.417915.72\< 0.01*DM*, diabetes mellitus, *DM; NT\$,* New Taiwan dollarDifferences in characteristics between the DM and non-DM groups were tested through the Mann--Whitney *U* test or *χ*^2^ test; *p* \< 0.05 was considered significant

Factors related to DM prevalence {#Sec9}
--------------------------------

Table [2](#Tab2){ref-type="table"} shows the associations of baseline characteristics and comorbidities with DM. Age, sex, area of residence, urbanization level, insurance amount, congestive heart failure, cerebrovascular disease, peptic ulcer disease, mild liver disease, renal disease, hypertension, and hyperlipidemia were significantly and independently associated with DM in patients with dementia (Table [2](#Tab2){ref-type="table"}). Notably, patients with DM were more likely to be female (adjusted OR: 1.44, 95% CI: 1.36--1.52) and young (range of adjusted OR: 0.55--1.13). Those with DM were significantly more likely to have more comorbidities, have lower incomes, and live in rural areas. We analyzed the associations of DM with income, number of comorbidities, and systematic diseases (Figs. [1](#Fig1){ref-type="fig"} and [2](#Fig2){ref-type="fig"}). As can be seen in Fig. [1](#Fig1){ref-type="fig"}, which shows the results of our analysis regarding the prevalence of DM, number of comorbidities, income, the prevalence of DM was higher in patients with four or more comorbidities and lower in those with high incomes (Fig. [1](#Fig1){ref-type="fig"}). Figure [2](#Fig2){ref-type="fig"} depicts the results of our analysis regarding the proportion of comorbidity-related diseases based on diabetes status and insurance amount. Patients with DM had substantially more comorbidities than did those without DM. Those with DM and those in the lower income group had the highest proportion of renal and metabolic system diseases (Fig. [2](#Fig2){ref-type="fig"}). The sensitivity analysis strongly supported these model findings (Additional file [1](#MOESM1){ref-type="media"}: Table S2).Table 2Associations of baseline characteristics and comorbidities with type 2 diabetes mellitusParametersMultivariable-adjusted modelOdds ratio95%CIGender Male1.00 \[Reference\] Female1.441.36--1.52Age, yr  \< 651.00 \[Reference\] 65--741.131.02--1.24 75--8~~4~~0.860.78--0.95  ≥ 850.550.49--0.62Area of residence North1.00 \[Reference\] Central1.141.06--1.22 South1.121.06--1.19 East1.171.05--1.19Urbanization level Urban1.00 \[Reference\] Rural1.121.06--1.19Insurance amount, NT\$/month  ≥ 20,0001.00 \[Reference\]  \< 20,0001.091.09--1.27 Dependent1.181.01--1.17Selected comorbidities Myocardial infarction1.010.83--1.23 Congestive heart failure1.121.06--1.26 Peripheral vascular disease1.120.99--1.34 Cerebrovascular disease1.561.48--1.64 Chronic pulmonary disease1.030.97--1.09 Peptic ulcer disease1.251.17--1.34 Mild liver disease1.421.28--1.56 Renal disease2.001.81--2.21 Cancer1.271.13--1.42 Hypertension2.792.65--2.95 Hyperlipidemia2.932.72--3.15*CI*, confidence interval; *NT\$*, New Taiwan dollarMultivariable logistic regressions adjusted for sex, age, income, area of residence, urbanization level, and comorbidities were run to identify independent factors associated with type 2 diabetes mellitus; *p* \< 0.05 was considered significantFig. 1Proportion of patients with diabetes and high income by number of comorbidities. High income is defined by monthly insurance amount of ≥NT\$20,000Fig. 2Proportion of comorbidity-related diseases by diabetes and insurance amount. High, middle, and low income are defined by insurance amount(high: ≥NT\$20,000 monthly, medium: \< NT\$20,000 monthly, and low: dependent)

Systematic diseases and DM prevalence {#Sec10}
-------------------------------------

Table [3](#Tab3){ref-type="table"} shows the results of our study regarding association between systematic comorbidities and DM in patients with dementia. Prevalence of DM was significantly associated with the following systematic comorbidities: cardiovascular diseases (adjusted OR: 3.93, 95% CI: 3.68--4.19); digestive system diseases (adjusted OR: 1.34, 95% CI: 1.26--1.42); renal and metabolic system diseases (adjusted OR: 2.81, 95% CI: 2.64--2.98); and cancer (adjusted OR: 1.23, 95% CI: 1.09--1.38) (Table [3](#Tab3){ref-type="table"}). The likelihood of DM was clearly higher in patients with one or two renal or metabolic system diseases than in those without (adjusted OR: 3.05, 95% CI: 2.86--3.25 and adjusted OR: 5.32, 95% CI: 4.18--56.78, respectively). Similar results from the sensitivity analysis are shown in Additional file [1](#MOESM1){ref-type="media"}: Table S3.Table 3Associations of systemic comorbidities with type 2 diabetes mellitusParametersUnivariable modelMultivariable-adjusted model^d^OR95%CIOR95%CICardiovascular and cerebrovascular diseases^a^ No1.00 \[Reference\]1.00 \[Reference\] Yes4.674.38--4.983.933.68--4.19Number 01.00 \[Reference\]1.00 \[Reference\] 1--32.572.45--2.692.282.17--2.41 4--62.812.39--3.292.341.97--2.76Digestive system diseases^b^ No1.00 \[Reference\]1.00 \[Reference\] Yes1.791.69--.1891.341.26--1.42Number 01.00 \[Reference\]1.00 \[Reference\] 11.781.67--1.881.431.35--1.53 21.931.66--2.251.551.32--1.82Renal and metabolic system diseases^c^ No1.00 \[Reference\]1.00 \[Reference\] Yes3.853.63--4.092.812.64--2.98Number 01.00 \[Reference\]1.00 \[Reference\] 13.723.49--3.953.052.86--3.25 27.075.60--8.935.324.18--6.78Cancer No1.00 \[Reference\]1.00 \[Reference\] Yes1.391.26--1.561.231.09--1.38*OR*, odds ratio; *CI*, confidence interval^a^Cardiovascular and cerebrovascular diseases comprised myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, chronic pulmonary disease, and hypertension^b^Digestive system diseases comprised peptic ulcer disease and mild liver disease^c^Renal and metabolic system diseases comprised renal disease and hyperlipidemia^d^Multivariable logistic regressions adjusted for sex, age, income, area of residence, and urbanization, and various systematic comorbidities were run to identify independent factors associated with type 2 diabetes mellitus; *p* \< 0.05 was considered significant

Discussion {#Sec11}
==========

Although epidemiology studies have reported that type 2 DM is associated with an increased risk of Alzheimer's disease and VaD \[[@CR10]\], few studies have focused on the prevalence of type 2 DM in patients with dementia. The present population-based cross-sectional study found several factors independently associated with high prevalence of diabetes in patients with dementia. We found that likelihood of DM was higher in female, young, and low-income patients as well as those with one or more comorbidities and those with both hyperlipidemia and renal disease.

More than one-fifth of the patients with dementia had type 2 DM, suggesting that improved glucose management is required during the predementia phase. Previous studies have suggested that in the population with DM, long-term poor DM management and repeated serious glycemic episodes result in cognitive impairment in older adults \[[@CR11], [@CR12]\]. Consistent with one previous report \[[@CR13]\], in the present study, female sex was associated with an increased likelihood of having DM with dementia. We also found that the patients with dementia who had DM were nearly 2 years younger on average than those without DM. This finding is similar to a prior observation in an Australian population \[[@CR14]\] and might suggest a need for more targeted blood glucose management for women, considering other targeting criteria.

Previous studies have found high prevalences of comorbid medical conditions and related complications in patients with dementia. In a recent review of 54 primary studies, Bunn et al. concluded that DM and stroke were the most prevalent comorbid conditions in patients with dementia (13--20% and 16--29%, respectively) \[[@CR15]\]. Another study identified 12 chronic commodities associated with dementia, most of which have similar pathophysiologies \[[@CR5]\]. These chronic diseases may share similar risk factors or etiologies. Although anthropometric, dietary, and lifestyle factors were associated with type 2 DM in the general population \[[@CR16]\], measurements of these risk factors were not easily obtained from patients with cognitive disorders. Identification of disease factors associated with type 2 DM may be more intuitive and more efficient than that of traditional type 2 DM risk factors for physicians providing optimal DM care for patients with dementia. The current study found that comorbidities with similar manageable risk factors, including cerebrovascular disease, renal disease, hypertension, and hyperlipidemia, were more likely to be grouped with DM in our study population, thereby emphasizing the need for comanagement of related metabolic system diseases to prevent DM-related complications in dementia.

This study found that lower income was associated with a higher prevalence of DM; the mechanisms underlying this association may be complex. A plausible explanation is that low-income patients tend to exert poor control over their glycemic levels, putting themselves at excessive risk of cardiovascular disease and accelerating progress toward cognitive dysfunction \[[@CR17]\]. Alongside income differences may come differences in lifestyle factors, including education, occupation, and leisure activities, which have been increasingly recognized as factors that may affect the development of dementia \[[@CR18]--[@CR20]\]. Although having a privileged socioeconomic background might be associated with protection of brain function after damage, which reduces the risk of senile dementia \[[@CR21]\], its potential moderation of the relationship between DM and dementia requires further study.

Several limitations of this study should be declared. It is unlikely, but possible, that the observed associations between diseases and DM resulted from more effective treatments and higher disease awareness among physicians and patients in the DM group compared with those in the non-DM group. Because of the long development from cognition impairment to dementia, we were unable to obtain the time of dementia onset. We were also unable to accurately differentiate types of dementia based on only diagnosis codes. Given that the study population was old and had high prevalence of chronic conditions, most of our patients likely had VaD. Finally, we were unable to control various potential confounders associated with DM and dementia, including educational status, life habits, and clinical laboratory data, that may have contributed to our findings. These factors may be helpful for clarifying the interrelationships between type 2 DM, comorbidities, and dementia in further research.

Conclusions {#Sec12}
===========

This study found significant associations of gender, socioeconomic status, and comorbidities with DM in patients with dementia. Based on our findings, patients with dementia who are female, have low income, and have comorbid renal or metabolic disease should undergo routine glucose impairment examinations to facilitate the management of blood glucose and prevention of adverse glycemic events.
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CI

:   Confidence Interval

DM

:   Diabetes Mellitus

ICD-9-CM

:   International Classification of Disease, Ninth Revision, Clinical Modification

NHI

:   National Health Insurance

NT\$

:   New Taiwan Dollar

OR

:   Odds Ratio

VaD

:   Vascular Dementia

Ming-Yen Lin and Ming-Tsang Wu contributed equally to this work.

**Electronic supplementary material**

The online version of this article (10.1186/s12902-018-0273-z) contains supplementary material, which is available to authorized users.

We thank the Statistical Analysis Laboratory of the Department of Internal Medicine of Kaohsiung Medical University Hospital for providing access to the NHI database (registration number 99324). We also thank James Steed and Wallace Academic Editing for editing this manuscript.

Funding {#FPar1}
=======

This study was partially supported by grants from the Ministry of Science and Technology (grant number: NSC102--2314-B-037-012-MY3), Ministry of Health and Welfare (grant numbers: MOHW103-TD-B-111-05, MOHW104-TDU-B-212-124-003, and MOHW105-TDU-B-212-134007; health and welfare surcharge of tobacco products), and Research Center for Environmental Medicine, Kaohsiung Medical University, Kaohsiung (SH000183), Taiwan.

Availability of data and materials {#FPar2}
==================================

The datasets for this work were obtained after application to the NHI Research Database of Taiwan (<http://nhird.nhri.org.tw/en/>) and were not made publicly available, in accordance with the database's rules. Access to the data used in this study may be obtained by citizens of the Republic of China (Taiwan) who fulfill the requirements for conducting research projects.

CLL conducted the literature review and composed the initial draft. MYL designed the study, interpreted the results, and rewrote the manuscript. HLL performed the analyses and prepared the results. SJH acquired the data and provided critical input on earlier versions of the manuscript. MTW and CKL reviewed the manuscript critically for intellectual content. All authors read and approved the final manuscript.

Ethics approval and consent to participate {#FPar3}
==========================================

This study was approved by the Institutional Review Board of Kaohsiung Medical University Hospital (KMUHIRB-SV(II)-20,170,052). Because all personal information that might identify the participants was scrambled in the secondary files prior to analysis, the review board waived the requirement for written informed consent. All research procedures followed the guidelines of the Declaration of Helsinki.

Consent for publication {#FPar4}
=======================

"Not applicable." Because all personal information was scrambled in the database, we did not need to obtain consent for this publication. The interpretations and conclusions contained herein do not represent those of the NHI Administration, Ministry of Health and Welfare, or National Health Research Institutes of Taiwan.

Competing interests {#FPar5}
===================

The authors declare that they have no competing interests.

Publisher's Note {#FPar6}
================

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
